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Keywords
Gal i lean  re la t i v i t y ,  iner t ia l
frames, Newtonian mechanics,
Maxwel l  e lec t romagnet ism,
special relativity, non Euclidean
geometry, principle of equiva
ence, general relativity, abso-
lute space and time.
As Einstein says,
‘absolute’ means the
following:
“... physically real ...
independent in its
physical properties,
having a  physical
effect, but not itself
influenced by
physical conditions’’.
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“We may look upon
the principle of inertia
as established, to a
high degree of
approximation, for the
space of our
planetary system,
provided that we
neglect the
perturbations due to
the sun and planets’’.
– Einstein
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If we imagine a
noninertial frame,
i.e., one which is
accelerated with
respect to (any)
inertial frame,
Newton’s 1st Law
will not hold in it.
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Inertial forces are
kinematic in origin;
they cause mass
independent
accelerations.
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9<5
GN mechanics electricity, magnetism       Maxwells Equations    STR
        Gravity     action at a distance   field theory
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Figure 1.
This figure is not ‘drawn  to scale’:
The outer oval encloses a ten-
fold infinity of inertial frames. The
inner circle encloses a seven-
fold infinity of inertial frames at
rest with respect  to one another.
The Maxwell
equations were
invariant under the
Lorentz
transformations, not
the earlier Galilean
transformations, so
Einstein went on to
modify mechanics to
make it also Lorentz
invariant.
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STR is the correct
language to handle
electromagnetism,
and all of
mechanics except
Newtonian gravity.
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“Is it conceivable that
the principle of
relativity also applies
to systems that are
accelerated relative
to each other?’’
– Einstein
“.. we shall therefore
assume the complete
physical equivalence
of a gravitational field
and a corresponding
acceleration of the
reference system.
This assumption
extends the principle
of relativity to the
uniformly accelerated
translational motion of
the reference
system’’.
– Einstein
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GENERAL    ARTICLE
“... experiments
upon the earth tell
us nothing of the
fact that we are
moving about the
sun with a velocity
of approximately
30km a second.”
– Einstein
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GENERAL   ARTICLE
I: Gravity affects II: Gravity affects
matter not light matter and light
1 Inertial frame, Unaccelerated Unaccelerated
no gravity Straight [a] Straight [e]
2 Uniformly accelerated frame, Accelerated Accelerated
no gravity Bent [b] Bent [f]
3 Inertial frame, Accelerated Accelerated
uniform gravity Straight [c] Bent [g]
4 Freely falling frame, Unaccelerated Unaccelerated
uniform gravity Bent [d] Straight [h]
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GENERAL    ARTICLE
“The weakness of the
principle of inertia lies
in this, that it involves
an argument in a
circle: a mass moves
without acceleration if
it is sufficiently far
from other bodies; we
know that it is
sufficiently far from
other bodies only by
the fact that it moves
without acceleration.”
– Einstein
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GENERAL   ARTICLE
In general, different
local inertial frames do
not all combine or
mesh together to form
a single globally well-
defined inertial frame.
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Light bends in a
gravitational field;
its frequency is red
shifted in passing
from regions of
lower to regions of
higher gravitational
potential; clocks
run slow and even
light slows down in
regions of lower
gravitational
potential.
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“It is contrary to
the mode of
thinking in science
to conceive of a
thing  .... which
acts itself, but
which cannot be
acted upon.”
– Einstein
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Philosophy is written in this grand
book – I mean the universe –
which stands continually open to
our gaze, but it cannot be under-
stood unless one first learns to
comprehend the language and
interpret the characters in which
it is written. It is written in the
language of mathematics, and its
characters are triangles, circles,
and other geometrical figures,
without which it is humanly im-
possible to understand a single
word of it.
Galileo
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